Shoulder pain is a common problem and it is responsible for a high proportion of patients presenting to general practice, causing work absenteeism and claims for sickness. A lot of factors and conditions can contribute to shoulder pain. The most prevalent cause is rotator cuff tendinitis; its relevance is correlated not only to its high prevalence rate but also to the fact that is disabling, causing high direct and indirect cost in industrialized country. Other causes of shoulder pain are shoulder impingement syndrome, calcific tendonitis, frozen shoulder, etc. In this context, physical medicine and rehabilitation plays a fundamental role. The conservative approach consists of several interventions. The aim is to decrease shoulder pain and to regain shoulder function, with the goal to reduce the degree of impingement, decreasing swelling and inflammation, and to minimize the risk of further injuries. The purpose of this chapter is to give an overview about shoulder disorders and their conservative treatment by means of physical therapy.
Introduction
Shoulder pain is a widespread problem and is responsible for a high percentage of patients presenting to general practice, causing absenteeism and labor complaints for sickness [1] .
reaches maximum abduction and extrarotation [14, 17, 18] . When shoulder joint is in neutral position, rotator cuff muscles contribute equally in providing anterior stability [19] . However, with glenohumeral joint in end-range abduction, subscapularis is a less effective stabilizer than other muscles, while the biceps brachii starts to play a role in joint stability [20] .
The "concavity compression" is an important stability mechanism. The compression of the humeral head (convex), exercised by muscles of the rotator cuff, on the glenoid cavity (concave), maintains stable humeral epiphysis, in relation to translational forces. Resistance to joint subluxation is directly proportional to the depth of the articular concavity and to the compression force exerted by the muscles of the rotator cuff [15] . Concavity compression, providing stability of glenohumeral joint, also depends on the extension of glenoid's articular surface (glenoid arc) available to accommodate humeral head [21] .
Stabilization function is made evident when the disease is established; in fact, a rotator cuff tear results in the inefficiency of this mechanism with the consequent sliding of the humeral head upward. This is due to the action of the upper fibers of the deltoid muscle, resulting in a subacromial impingement [22] .
The action of the rotator cuff muscles must be highly coordinated to be able to perform a specific movement. The muscles must work in coordination, as the rotation of the glen humeral joint does not have a fixed axis [23] .
Tension loads acting on rotator cuff tendons can be divided into two types: concentric and eccentric. Concentric ones are generated when humerus has the same direction of cuff muscle, as it happens during abduction against resistance. These loads are better tolerated by the cuff insertion, which clears the acromion at low angles of elevation, protecting it from impingement by the coracoacromial arch. Eccentric tension loads are produced when the arm movement is opposed to the direction of cuff muscles direction. This occurs in example during active resistance to a downward force applied on the humerus. In fact, when the humeral head rotates with respect of the scapula, bending loads stress cuff tendons; cuff elasticity permits to resist these loads. Rotator cuff tendons are also subjected to compressive loads; an upwardly load presses the cuff between the humeral head and the coracoacromial arch [24] . Furthermore, it has demonstrated a morphologic adaptation of the supraspinatus tendon with fibrocartilaginous areas in regions of compression, due to mechanical forces [25] .
Every rotator cuff muscle origins on the scapula, which therefore influences the activity of these muscles. Therefore, rotator cuff performance is strictly related to the functional state of the scapula. When this bone is well stabilized, thus presenting the proper position in both static and dynamic tasks, it permits rotator cuff to work at an optimal level. However, alterations in scapular kinematics produce an unstable support to rotator cuff and consequently it affects the biomechanics of the shoulder. Scapular dysfunctions may be causative in rotator cuff disorders or may be the result of rotator cuff injuries, increasing the alteration [26] .
Many authors have studied scapula kinematics in patients with rotator cuff diseases; alterations in scapular function have been found in most studies. In subjects with clinical symptoms or imaging demonstrating rotator cuff disorders, studies have demonstrated biomechanics alterations, especially scapular dyskinesia [27] . Possible alterations are not consistent, with various combinations of changes like increase in upward rotation, decrease in posterior tilt and increase in internal rotation. However, the exact relationship between scapular dyskinesia and rotator cuff disorder is not completely clear; is dyskinesis a cause, an effect or a compensation? [26] 
Shoulder disorders
Pathogenesis of rotator cuff injuries is not completely clear, but it may arise from extrinsic factors, impingement by structures surrounding the cuff, and intrinsic alterations of the tendon itself [28] .
On the tendinous portion of the rotator cuff impingement by the coracoacromial ligament and the acromion itself is responsible for the characteristic "impingement syndrome". A peculiar proliferative spur and ridge on the anterior lip and undersurface of the acromial anterior process has been found; furthermore, in many studies this area has shown erosions [4] .
Anatomical changes may excessively narrow the subacromial space, in which rotator cuff tendons pass through, and include acromial shape variations (i.e. hooked acromion), orientation of the acromial angle or prominent osseous changes of the inferior portion of the acromionclavicular joint [29] . In 1986, Bigliani [30] described the important role of acromion shape, as an extrinsic mechanism, in rotator cuff tendinopathy; acromion classified into three types based on different shapes (Figure 1 ): Flat (Type I), Curved (Type II) and Hooked (Type III).
Association between acromion shape and severity of rotator cuff disorder has been well documented, with a greater prevalence of hooked acromion in subjects with subacromial impingement syndrome and full thickness tears. Alterations of shoulder kinematics, postural abnormalities, rotator cuff muscles deficits and decreased extensibility of pectoralis minor are biomechanical factors which can lead to rotator cuff tendons compression [4] . In addition, 
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shoulder kinematic alterations can cause a dynamic reduction of the subacromial space (compressing rotator cuff tendons) due to a superior shift of the humeral head [31] or an altered scapula biomechanics that leads acromion sliding downwards [32] .
Recent studies suggested that subacromial bursa is a pro-inflammatory membrane responsible for shoulder pain and other subacromial disorders. Blaine [33] demonstrated that inflammatory cytokines, such as Tumor necrosis factor (TNF), Interleukin 1 (IL-1), Interleukin 6 (IL-6), cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2), increase in subacromial bursal in subjects suffering from bursitis and rotator cuff syndrome. It should also be pointed out that IL-1 and IL-6 play an important role as mediators of collagen catabolism [34] .
Peritendinous alterations in rotator cuff disorders are thought to be a secondary phenomenon. Chandler [35] showed that the increased tension in the coracoacromial ligament, due to tendinopathy, stimulates the neoformation of bone on the underside of the acromion, which may result in an impingement syndrome leading to enthesopathy.
Acromial lateral sloping or glenoid version is structural features which play an important role in rotator cuff pathology as extrinsic factors. As mentioned in the previous paragraph, acromion shape influences supraspinatus tendon as it passes under the coracoacromial arch. Even a forward scapula posture, caused by forward head posture and increased kyphosis in combination, can reduce the subacromial space [36] .
Intrinsic factors, causing rotator cuff tendinopathy, affect tendon morphology and performance. There is growing evidence in literature supporting the fundamental role of these mechanisms in shoulder disorders.
Intrinsic mechanisms, such as aging processes, poor vascularity and altered biology, lead to tendon degradation also influencing tensile forces and altering loads [37] [38] [39] [40] .
A reduction in vascular supply of tendons is implicated in rotator cuff tears pathogenesis. In 1934, Codman described for the first time the "critical zone" (1 cm 2 area between the insertion of supraspinatus tendon at greater tubercle and myotendinous junction) which represents the most common site for tendon injury due to its reduced vascularity [4] .
Tendon degeneration is the expression of an increased production by tenocytes of metalloproteinase enzymes (MMP); this means that tendon tears are an active and cell-mediated process. The hypothesis is that rotator cuff tears are the results of an imbalance between tendon synthesis and degradation, maybe due to the failed regulation of MMP activity in response of repeated mechanical strains. Tendon degeneration is further evident as it has demonstrated an increase in sulfated glycosaminoglycans (GAG) in supraspinatus tendinosis [41] . Sulfated GAG are associated with acute inflammation and new matrix formation, as well as amyloid production. A study conducted by Cole [42] demonstrated that supraspinatus chronic tears were characterized by 70% amyloid deposition on tendon context, unlike only 25% in patients suffering from acute traumatic injuries.
Another feature that may lead to shoulder disorders is genetics; it seems to be related to the polymorphism of genes which regulates collagen synthesis, like the one found in Achilles tendinopathy. However, this is just a hypothesis since no genes were identified till now as risk factors for rotator cuff diseases [43] [44] [45] .
Other factors can influence mechanical properties and tensile loads response including tendon geometry, due to collagen fiber alignment. Among tendon alterations, it is important to highlight tendon irregularity and thinning, observed in subjects suffering from degenerative rotator cuff tendinopathy; these conditions influence mechanical properties. Even aging has been observed to be a negative factor for tendon degeneration. Biomechanical studies showed a reduced elasticity and a decreased tensile strength in tendons with aging [4] . Histological studies about rotator cuff tendons showed degenerative changes (calcifications and fibrovascular proliferation) in elderly in comparison to young people, both groups without history of shoulder disorders. Furthermore, aging causes a reduction in total sulfated GAG and proteoglycans in supraspinatus tendon [46] .
Other scientific researches demonstrated in elderly people a reduction of type I collagen and an increase in type III, weaker and more irregularly; however there is no consensus in literature whether these changes are related with aging or a secondary consequence of healing processes to repeated microtrauma (or overuse) [47] .
An interesting classification is the one developed by Celli [48] that divides the old denomination "shoulder periarthritis" in four clinical presentations, depending on the type, localization and pain:
1. Acute anterior shoulder: where inflammation is limited to the supraspinatus tendon and/ or to the long head of the biceps tendon.
2.
Global acute shoulder: pain is acute and inflammation compromised subdeltoid bursa.
3.
Chronic anterior shoulder: pain is chronic and localized on the anterior region.
4.
Global chronic shoulder: even in this case the pain is chronic, but it affects the whole shoulder.
This classification has the advantage of easy application, but there is no immediate correlation with the cause of degeneration. The most common cause of shoulder pain is an inflammation of the bursae around the glenohumeral joint. The most affected is the subacromial bursa, located between the acromion and the tendons of rotator cuff, but also subdeltoid, subscapularis and subcoracoid bursae may be affected.
Pain is localized on the side of the proximal part of the arm, but it may also extend distally if the inflammatory process involves subdeltoid bursa, which often communicates with the subacromial one. Movements accentuate symptoms, particularly active abduction, that is markedly limited by pain.
Rotator cuff tendinosis
The incidence of rotator cuff tendinopathy and degenerative tears increases in aging and it is 40% in subjects over 70 years of age [49] .
Rotator cuff tendinosis is due to disorganization in collagen fibers morphology and to alterations in tendon ultrastructure. Earlier studies showed histopathological changes associated with rotator cuff tendinosis: tendon fibers thinning and consequently ultrastructural alterations, cellular apoptosis, granulation tissue production and fibro-cartilaginous changes [50, 51] . The risk of progression, which can lead to full tendon rupture, is related to these histopathological changes.
Hyaline and myxoid degeneration, which can affect collagen fibers, already occur in the degenerated tendon. The consequence of this is a reduction in tensile resistance that predisposes the tendon to rupture [4] .
In degenerated tendon, healing processes are altered. In fact, the standard composition and structure of the osteotendinous insertion site, with the transition from non-mineralized to mineralized fibrocartilage, is not achieved. The causes of this poor healing process are multifactorial, but correlated to an inadequate and disorganized expression of the cytokines responsible for the formation of the complex structure and composition of the enthesis [52] .
Other factors that may influence healing processes are the presence of inflammatory cells in the osteotendinous insertion site and a small number of stem cells in the tendon-bone interface, which hamper physiological scar formation [53] .
Healing process occurs in three steps:
Step 1. Inflammatory phase
Step 2. Repairing phase
Step 3. Remodeling phase
An alteration during one of these phases leads to a bad regenerative process. Recent studies demonstrated the importance of the inflammatory phase, during which there is an increase of neutrophils, macrophages and mast cells in rotator cuff lesions in animal and human models. Millar et al. [54] evaluated rotator cuff tendon samples taken by biopsy during repairing phase. They observed significant infiltration of mast cells and macrophages in earlier phase of tendinopathy. Subsequently macrophages produce transforming growth factor-β1 (TGF-β1), which stimulates collagen formation and proteinase activity.
Fibrovascular scar is probably produced during this phase thanks to the action of macrophages. During the repairing phase of healing process, fibroblasts activation determines the expression of various cytokines, such as basic fibroblast growth factor (bFGF), insulinlike growth factor (IGF-1), platelet-derived growth factor-b (PDGF-b), vascular endothelial growth factor (VEGF), bone morphogenic protein-12 (BMP-12), BMP-13 and BMP-14 [4] .
Calcific tendonitis
Calcific tendonitis can be potentially included in the sum of rotator cuff diseases. Its prevalence is estimated between 2.7 and 20% according to radiographies of asymptomatic adults.
Usually occurs between the age of 40 and 50, with a higher prevalence in female sex and in sedentary workers. The probability of becoming symptomatic, both acute and chronic, has been estimated to be higher than 50% [52] .
A 2009 study conducted by Maugars et al. [53] pointed out that between 7 and 17% of patients suffering from chronic shoulder pain was due to tendon calcification.
Calcific tendonitis is not simply a degenerative disorder, since calcification is not histologically associated with necrosis or tissue damage, but it is a cell-mediated process similar to an incomplete endochondral ossification.
One of the first authors to describe the calcium deposits cycle was Uhthoff [55] who divided it into two phases: a formative and resorptive one. Other authors subdivided the cycle into three phases: pre-calcification (asymptomatic), calcification (impingement) and post-calcification (acute) [56] .
A more complete classification divided this cycle into four phases: pre-calcific phase, during which the fibrocartilaginous transformation occurs in the tendon context in a completely asymptomatic manner; formation phase that consists of the deposition of hydroxyapatite crystals within the tendon; re-absorbing phase, characterized by the release of these crystals and finally post calcific recovering phase.
It is therefore evident that there is currently no standardized histological classification for tendon calcifications in literature.
In concern to the radiographic aspects of calcification, many studies converge on Gartner's classification (1993), whereby three kinds of deposits can be identified. Type I refers to a well-defined and dense deposit, type II identifies a well-distinguished but radiotransparent deposit and finally, type III has a radiotransparent structure but with marginal margins [57] .
In fact, the classification of the French Arthroscopic Society [58] also identifies three types of calcifications, indicating them with letters A, B and C (Figure 2) , which reproduce the description of Gartner.
The authors discussed for a long time about the use of radiographic classification both to choose the most appropriate treatment and as an outcome to evaluate its beneficial effect. The fundamental concept is that radiographic classification is not sufficient on its own, but correlation with the clinical data is always necessary [59, 60] . 
Subacromial bursitis and impingement
The subacromial bursa is the largest and most complicated bursa in human body. In a 1934
book [61] , Codman affirmed that it behaves as a secondary scapula-humeral joint, although it is not composed of cartilage tissue. Therefore, he highlighted the functional issue of subacromial bursa. In 1972, Neer [62] further emphasized this point of view in his studies on impingement syndrome. Moreover, in other studies, he suggested that subacromial bursa is an inflammatory membrane that can lead to pain through nociceptors endings stimulation. Santavirta et al.
[63] found a majority of CD-2 and CD-11b mononuclear cells in the bursa of patients suffering from subacromial bursitis. Yanagisawa [64] also demonstrated an increased expression of VEGF in patients with impingement syndrome, thus pointing out chronic inflammation and increased vascularity. Other studies [65] demonstrated the increased expression of pain mediators (substance P) in the subacromial space in subjects with impingement syndrome.
Despite these evidences about subacromial bursa, the changes in biochemical mediators expression, implicated in subacromial impingement syndrome pathogenesis, have not yet completely identified. These investigations were carried on to determine the role of subacromial bursa in impingement syndrome; the question is if the bursa behaves as a pathological or a reparative tissue.
During "bursitis" (Figure 3) , there is a reduction of the overall subacromial space, which may lead to an increased compression of tissues inside. During subacromial impingement syndrome, it has been demonstrated tendons degeneration, due to inflammatory processes or tension overload in shoulder mobilization (e.g. during work activities) [4] .
Impingement syndrome classification was first developed by Neer in 1983 [66] and it is based on histopatological damage of tissues. He defined this syndrome as a mechanical-compressive lesion of tissues of the subacromial space and he identified three progressive stages: first stage ("edema and hemorrhage stage") is typical in patients aged 25 or less with a history of overhead use of the upper limb during sport or work; second stage is defined by further deterioration of rotator cuff tendons and subacromial bursa, and it usually affects 25-40 years old patients; last stage, the third one, is characterized by bone spurs and partial or full-thickness tendon rupture affecting subjects aged 40 or more. The
Rotator cuff tears
Rotator cuff tears represent approximately one-third of medical visits for shoulder pain, but sometimes it is a problem difficult to diagnose. Among patients suffering from shoulder pain, rotator cuff tears are the most common cause, especially in subjects aged 60 or more [67] . The incidence of this pathology increases with age; moreover, studies on cadavers have noticed 30% of cases with rotator cuff tears [68] . As mentioned, literature agrees that the incidence increases with age. In particular, a study [69] noted that the incidence of asymptomatic tears in patients aged 50-59 years was 13%, between 60 and 69 years the incidence was 20%, among 70-79 years was 31% and over 80 years was 51%. Yamamoto et al. [67] observed a prevalence of full-thickness tears of 20.7% in a sample population, mean age 57.9 years, with or without symptoms. In a 2006 review of autopsy studies, evaluating 2553 shoulders (mean age 70.1 years), it observed a prevalence of 18.5% for partial-thickness tears and 11.8% for full lesions [68] . Rotator cuff tears are very common, so the pathological history and the clinical examination play a critical role, especially in subclinical cases.
Pathogenesis of rotator cuff tears is complex and multifactorial. For this reason, there are two different schools of thought, according to which tendon injuries can be due to intrinsic or extrinsic factors. Codman [61] had already described the intrinsic theory according to which tendon degenerates in the critical area of hypovascularity; this area is 1 cm from the insertion of supraspinatus to the humeral head. Besides this, due to its low vascularization, it is also an area with low healing capacity. According to extrinsic theory, the cuff tendons, flowing into the subacromial space (i.e. between the acromion, the coracoacromial ligament and the humeral head) can be compressed and then injured.
The majority of rotator cuff tears affected supraspinatus and infraspinatus tendons; these are described as postero-superior cuff tears. On the contrary, antero-superior tears are less common and typically extend anteriorly involving rotator interval or subscapularis tendon. Partial tears consist of a partial disruption of tendon fibers without communication among bursal and articular spaces.
The average normal thickness of rotator cuff tendons is between 8 and 12 mm. The depth of tear defines the degree of lesion. Codman classified tendon tears in three types [61] :
1. bursal-side tear (BT) confined to the bursal surface of the tendon;
2. intratendinous tear (IT), which is localized within tendon thickness and 3. joint-side tear (JT) located on the joint side of the tendon.
Another classification proposed by Neer [62] divided the condition of pain, inflammation, oedema and hemorrhage as stage I, tendinous fibrosis as stage II and fibers rupture as stage III.
Taking into account the average thickness of supraspinatus tendon, Ellman [70] classified rotator cuff tears (Figure 4) : grade I consists of a tear depth lower than 3 mm (or involving less than 25% of tendon thickness); grade II characterized by a depth between 3 and 6 mm or 50% of thickness; grade III involves more than 6 mm or more than 50% of thickness. In full-thickness tears a complete fibers disruption brungs to a direct communication between subacromial and glenohumeral spaces.
Further classifications of rotator cuff tears [4] are shown in Tables 1-3 .
The greater the size of the lesion, the extent of retraction and the quantity of fatty muscle atrophy, the less the chance of healing from rotator cuff tear. The natural history of the lesion is the further increase in size over time. Therefore, for example, partial thickness tears become total lesions and, referring to Cofield's classification ( Table 1) , small-sized tears tend to evolve toward massive lesions.
Frozen shoulder
Frozen shoulder, or adhesive capsulitis, is a painful and disabling condition of unknown etiology caused by a spontaneous contracture of the glenohumeral joint in absence of an evident previous event, resulting in reduction of joint motion [71] . This debilitating condition affects from 2 to 5% of the general population [72] and its prevalence increases to 10-38% in patients with comorbidities, such as hypothyroidism [73] , diabetes, increased body mass index and cervical spondylosis [74] . This condition is more common in women and in non-dominant shoulders. The mean age of onset is 50-55 years [75] .
The currently recognized classification ( Table 4) identifies as a primary frozen shoulder a condition with any clearly identifiable etiopathogenetic cause, and as secondary a condition triggered by a well-defined cause. The last one, is further subdivided into intrinsic, extrinsic and systemic [76] .
Neviaser describe this state as adhesive capsulitis to emphasize the inflammatory component affecting the capsule, multiregional areas of synovitis and synovial angiogenesis [77] . Histological findings attribute to neoangiogenesis the growth of new nerves in the capsuloligamentous complex of these patients and this may be the explanation of the pain associated with capsulitis.
Immunocytochemical analysis on arthroscope biopsy material revealed the presence of chronic inflammatory cells predominantly made up of mast cells, T cells, B cells and macrophages, as well as the presence of fibrosis that results from mast cell infiltrate, which typically regulate the proliferation of fibroblasts [78] .
Frozen shoulder seems to be the result of failure of the healing process after an initial inflammatory phase, characterized by an excess of cytokines and growth factors with fibroblasts Table 2 . Patte classification (by cuff tears retraction).
Advances in Shoulder Surgery
accumulation that in part differentiate into myofibroblasts. They exert tractions on new collagen deposits with stiffening of the capsule [79] .
The diagnosis is essentially clinical, based on the evidence of the reduction of the ROM (range of motion) in particular in extrarotation, elevation and intrarotation of the glenohumeral joint, in the absence of X-ray lesions. This is accompanied by pain at the insertion of the deltoid and muscular weakness [80] . Radiographic images are not helpful, unless in the case of associated pathologies, such as fractures, arthritis and metallic implants. In selected cases, with suspected association with rotator cuff tendinopathy or impingement syndrome, we can refer to magnetic resonance imaging ( Figure 5 ) [81] .
According to Neviaser et al. [80] , the clinical presentation is indicative of the stage of the adhesive capsulitis:
Stage 1, preadventive stage: patients have mild pain at the end of the range of motion and this condition is often mistakenly diagnosed as impingement syndrome.
Stage 2, "freezing" stage: is often characterized by a high level of discomfort and a high level of pain and a progressive loss of ROM.
Stage 3, "frozen" stage: is characterized by significant stiffness, but less pain.
Stage 4, "thawing" stage: in this phase we have painless stiffness and motion that typically improves by remodeling.
Clinical presentation
The diagnosis is based essentially on clinical examination, exclusion of other pathologies and normal glenohumeral radiographs. Initial evaluation of global postural assessment should be perform before focusing on the shoulder, because shoulder pain is often associated with thoracic and cervical spine alignment that alters the scapula's rest position [82] . Postural abnormalities related to shoulder pain, include extension of the atlanto-occipital joints, reduction of physiological cervical lordosis, increase of dorsal kyphosis, protrusion (abduction) of the scapula with rotation downward and internal rotation of the humerus. All these results in neuromusculoskeletal changes.
A thorough collection of the patient's medical history is used to detect if pain origins really from shoulder whether it is a referred pain from other anatomical structures. It is frequently reported that the pain in the shoulder is actually coming from the cervical spine, in which case the irradiation along the upper limb pain, radicular pathology reaches generally until the hand and the fingers, while the pain that starts from the shoulder radiates up and not past the elbow.
The shoulder physical examination can be expressed in the following steps: inspection, palpation, mobility and specific functional tests. The inspection is usually negative, while palpation may aid in the diagnosis. Palpation should include all the articulation of the scapular girdle and all the rotator cuff muscles trying to overcome with appropriate maneuvres the deltoid that covers a large part of the rotator cuff. During the palpation, must be taken simultaneously consider several aspects. They are: the tenderness, the swelling, changes in temperature, the deformity, both obvious and hidden, the muscle characteristics and the relations between the various structures. The motion of both shoulders should be assessed actively and passively. Forward elevation and elevation in the scapular plane as well as internal and external rotation with the arm at the side and in 90° of abduction should be performed.
Tests of affected muscles against resistance are imperative to formulate a correct diagnosis.
Neer test: the doctor is placed behind the patient, with one hand passively he raises his arm in internal rotation and abduction, while with the other stabilizes the scapula. If the patient refers pain in an arc of movement between 70° and 120°, the test shows a conflict between the greater tuberosity and the humeral the acromion.
Hawkins test: it is performed with arm at 90° of flexion front and elbow flexed to 90°; in this position the physician, in front of the patient and imprints an internal rotational movement of the glenohumeral joint. Pain located below the acromioclavicular joint with internal rotation is considered a positive test result and it is indicative of inflammation of the subacromial bursa or of an impingement of all structures that are located between the greater tubercle of the humerus and the coracohumeral ligament.
Palm-up test: the examiner contrasts the movement of the patient to elevate the arm with the elbow in extension and palm of the hand facing up. If the test shows pain is positive to a lesion of the long head of the humeral biceps.
Jobe test: the examiner stands in front of the patient keeps his arms positioned at 90° of abduction, 30° of anterior flexion and maximum intra-rotation (thumbs pointing to the ground). The examiner lowers arms against the patient's resistance against exerting a downward thrust. The test is positive for the supraspinatus muscle if the affected limb is lowered, regardless of whether or not the presence of pain.
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Other tests can be used, such as Yocum test, the horizontal adduction test, the painful arc sign, the empty can test, the drop arm test, the Speed test, the Yergason test and the Pattes test.
Clinical evaluation can completed with assessment scales like Constant-Murley scale [83, 84] or simple shoulder test (SST).
The Constant-Murley score is an ordinal scale used in all pathologies of shoulder (not only for the instability), with a score ranging from 0 to 100 (100 = normal shoulder). The scale investigates four areas through the pain (15 points), activities of daily living (20 points), strength (25 points) and the range of motion (40 points). In this way it achieved a full assessment of the level of pain and disability related to the activities of daily living.
The "simple shoulder test" (SST) is a binary scale used for all shoulder pathologies that involves the administration of 12 questions to the patient (normal score = 12). The questions are used to assess the perceived pain and the ability to perform certain activities of daily living. The DASH is halfway between a generic test (as the Short Form) and a specific test for the shoulder, it can use to complete the assessment.
Imaging studies are commonly used to identify and differentiate the source of the injury.
Conservative approach
The conservative approach avails of different kind of treatments, whose main purpose is to reduce pain and other signs of inflammation, recover function and prevent further joint damage [85] .
A great number of studies support the conservative approach as the main treatment for the mildest forms of shoulder pain due to adhesive capsulitis [86] . The natural course of the frozen shoulder leads to healing in more or less long times. To reduce pain faster and recover the articular functionality, we can intervene with several alone or combinated therapies, such as physical therapy (ultrasound, lasers, hyperthermia, electro-analgesia and shock waves), intra-articular corticosteroid injection, intra-articular saline hydrodilation with distention and eventual rupture of the glenohumeral joint capsule, intra-articular sodium hyaluronate injection into the glenohumeral joint, suprascapular nerve block, shoulder manipulation under anesthesia, oral corticosteroid or NSAIDs (non-steroidal anti-inflammatory drugs) and analgesics. In case of failure of these therapies, the alternative is to proceed with open or arthroscopic synovectomy and glenohumeral capsular releases [87] [88] [89] .
Extracorporeal shock wave therapy
Since 1980, the extracorporeal impact waves have been used in different conditions, initially to destroy kidney stones. Investigating the side effects on the surrounding tissues, it was understood that they could also find use in the treatment of musculoskeletal disorders [90] . The effect on these tissues is dose-dependent: high doses tend to have destructive effects, low doses have regenerative effects [91] .
All the principles that led the application of the ESWT since 1995 have been revised in a recent review, that has established new ones. The recommended energy limit should be beneath 0.28 mJ/mmq, above which necrotic effects prevail; ESWT is performed without anesthesia, even on larger areas; their application also on open growth plates seems to be safe [92] .
The regenerative effect of ESWT is the consequence of the activation of gene expression for growth factors or cytokines and fibroblast proliferation. Mechanical stimulation is converted by tendon tissue in enhancement of TGF-β1 gene expression and increase of collagen I and collagen III [93] .
The phenomenon of mechanosensing is particularly clear in bone tissue, due to its structure and physiology: it acts like a piezoelectric. After ESWT exposure, bone shows: osteogenic differentiation of mesenchymal stem cells [94] ; expression of nitric oxide synthase (eNOS), vascular endothelial growth factor (VEGF) that lead to neoangiogenesis and accelerate tissue regeneration and healing [95] ; bone regeneration, starting from periosteum stimulation [96] ; direct stimulation of osteoblasts and indirect reduction of osteoclasts activity [97] .
In addition, the increase in NOS appears to be involved in another signaling pathway leading to the reduction of pro-inflammatory factors. It has been seen that NOS exerts an inhibitory action on nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB), hence the role in production of proinflammatory cytokine and leukocytes recruitment, generating pain and phlogosis, are blocked [98] .
Other mechanism is the production of NO and VEGF resulting in neoangiogenesis (Figure 6 ) that improves blood supply promoting tissue repairing and wash-out of algogenic and noxious substances [99] .
ESWT intervene in pain modulation also by release of endogenous analgesic sustances P and calcitonine gene-related peptide (CGRP) and according to the gate control [100] . About the gate control, Saggini et al. [101] , claim that a hyperstimulation-like shock waves, activate the descending inhibitory system, blocking following nociceptive stimuli in the posterior column of the spinal cord. In addition, ESWT modify substances P and CGRP levels, damaging peripheral small unmyelinated fibers, responsible of immediate release of the algogenic peptide. All these mechanisms make ESWT suitable to treat various musculoskeletal disorders, such as calcific tendonitis, epicondylitis, osteoarthritis and long bone fracture [102] .
ESWT has proved to be a valid option in the treatment of calcifying tendinitis of the shoulder.
A study based on a meta-analysis showed the power of ESWT to intervene in case of calcific 
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tendinitis, promoting resorption of the calcifications using high energy density (conventional limit set at 0.20 mJ/mmq, less than this intensity was labeled low-energy). Functional outcome (Constant-Murley score) and radiographic resorption (chance of complete resorption) of the deposits after 3 months, showed that high-energy ESWT is more effective than low-energy ESWT [103] . The effect on calcifications is not merely mechanical as in the case of kidney stones, but rather biochemical induces interstitial and extracellular changes, enhancing tissue regeneration [104] .
Few studies specifically address the application of ESWT in frozen shoulder. One of the study [105] , recruited 36 patients divided into 2 groups: one received shock waves (1200 shocks with energy between 0.1 and 0.3 mJ/mmq) and one sham. Pain and disability score were assessed with the Shoulder Pain and Disability Index (SPADI) questionnaire before and after the therapy, and 2 and 5 months after the treatment. The results show a positive effect on recovery of frozen shoulder that was faster than sham group.
Another research [106] compare ESWT (1000 shock waves, with energy between 0.01 and 0.16 mJ/mmq) with conservative physical therapy, both group treated twice a week for six weeks. Pain and function were assessed, respectively, with visual analogue scale (VAS) and patient-specific functional scales (PSFS). Both group showed significant decreases in VAS and PSFS, the ESWT group reported lower score then the control group.
ESWT is therefore a possible way to treat the frozen shoulder, especially if we consider the fact that it is a safe, non-invasive and low cost procedure.
Intra-articular injections
Intra-articular drug administration offers several advantages: increased bioavailability, reduced systemic effects and fewer side effects. Moreover, most joints can be accessed accurately, especially under ultrasound guidance [107] .
Intra-articular injections into the glenohumeral joint are commonly performed to treat different conditions affecting this articulation, such as osteoarthritis, adhesive capsulitis and rheumatoid arthritis. Despite the widespread use of this treatment, there are no standard criteria for their performance [26] .
With regard to this type of therapy applied to the treatment of shoulder pain, two substances are used: corticosteroids and hyaluronic acid [108] . The pharmacological properties of corticosteroids are well known, in accordance with them, this procedure is recommended in the acute phase. The risks associated with corticosteroid injection are limited if performed by experienced hands and in patients eligible for such procedure. Injection should be avoided in patients with septic arthritis, bacteremia and in immunocompromised patients [109] .
The main purpose in treating the frozen shoulder is to reduce the loss of function and to give relief to pain that significantly limits movement. In the case of adhesive capsulitis, intraarticular administration of corticosteroids is generally associated with conventional physical therapy. A systematic review of 25 studies from 1947 to present, compares infiltrations with manipulation under anesthesia, physical therapy and distension of the joint capsule. In all cases it is clear that intra-articular administration of corticosteroids improves and accelerate patients' healing. Long-term results about conventional therapies versus corticosteroids are comparable; due to understandable considering that adhesive capsulitis is a self-limiting pathology [110] .
Another possible application of corticosteroids involves infiltration within the subacromial bursa; this method (Figure 7) is particularly useful in those cases of acute painful bursitis, in combination with other therapies aimed at treating the underlying cause.
Besides the corticosteroids, whose action and effectiveness are widely dealt in literature, the use of the viscosupplementation with hyaluronic acid is becoming increasingly widespread [111] . Hyaluronic acid acts through different mechanisms when injected into the joint. It is an anionic, nonsulfated glycosaminoglycan distributed widely throughout connective, epithelial and neural tissues, is capable of retaining water and this contributes to cell adhesion, proliferation and migration. High local concentrations cause the release of growth factors, accelerating the tissue repair process [112] . The viscosupplementation is a way to restore rheological properties of the synovial fluid, enhancing viscoelastic properties of synovial fluid protecting cartilage from mechanical stress and reducing pain [113, 114] .
In the tendinitis involving the rotator cuff, viscosupplementation, not only protects the joint surface, but also restores the homeostasis of the chondrocytes [115] . The hypothesis that hyaluronic acid also acts on pain modulation has been investigated and Mitsui et al. [116] demonstrate that hyaluronic acid inhibits not only expression of mRNA for proinflammatory cytokines, such as IL-1b, IL-6 and TNF-a, but also COX-2/PGE2 (Prostaglandin E2) production via CD44 in IL-1-stimulated subacromial-synovium fibroblasts. CD44 is also present on synoviocytes, so it is a target for pain reduction. The restoration of the viscoelastic barrier around the nociceptive afferent fibers, reduces pain, hindering interaction with nociceptive stimuli [117] .
Rehabilitation
The rehabilitation program should always start from clinical evaluation, focusing on the status of functional deficiency, the range of motion and the pain elicited during evaluation [118] . The aim is to ensure long-term results in joint mobility, to reduce stiffness and improve function [119] .
Maintaining the range of movements is essential to prevent adhesion and decrease impingement. To intervene on the strength of the rotator cuff muscles and on the scapula stabilizing muscles (anterior serratus, rhomboids, latissimus dorsi and trapezium) and the deltoid, Figure 7 . Sequence of subacromial bursa infiltration.
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avoids the superior migration of the humeral head and the scapular instability, two conditions that occur in the impingement syndrome.
A deficit in neuromuscular control may cause abnormalities in the rotator cuff and scapulathoracic muscles. It has been postulated that proprioception can modulate the sensitivity of muscle spindles and help subjects to pay more attention to joint position [120] .
Exercises that specifically generate higher level of activation of the rotator cuff, lower trapezius or serratus anterior, are open-chain exercises included full can, side lying external rotation, diagonal exercise and prone full can at 100° of abduction [121] . While the closed-chain exercises facilitate the co-contraction of shoulder muscles as well as strengthen the serratus anterior [122] .
The brain guides motion tasks by interacting with external signals and proprioceptive stimuli.
Therefore, stimuli integration takes place here and the center that generates an answer to them can be re-edited.
A possible way to reach this aim is the Multi-Joint System ® (MJS), a system consisting of a multi-articulated arm run by the patient on the three planes of space (Figure 8) . The patient receives feedback from a computer system connected to the robot arm and adjusts his movements, following predefined trajectories. In this way, the patient learns to perform all the peculiar movements of the glenohumeral joint, maintaining a proper position of the scapula and increasing the strength of the anterior serratus, rhomboid, latissimus dorsi, trapezius and deltoid. MJS grant a better control of shoulder movements with increased proprioception, sensitivity and shoulder joint motion in a multi-dimensional axial-type range [123, 124] . 
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